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OBJECTIVE — The aim of this data analysis was to ascertain the type and prevalence rate as
well as age and sex distribution of cardiovascular risk factors in type 1 diabetic patients up to 26
years of age.

RESEARCH DESIGN AND METHODS — Cardiovascular risk factors such as obesity,
hypertension, dyslipidemia, poor glycemic control, and smoking were analyzed in 27,358 pa-
tients who were divided into three groups (prepubertal, pubertal, and adult) using specifically
designed diabetes software for prospective disease documentation.

RESULTS — More than half of the patients per age-group had at least one cardiovascular risk
factor. Two risk factors were age dependently found in 6.2–21.7% and three or four risk factors
in 0.5–4.7%. Elevated values of HbA1c, total cholesterol, and BMI were found most frequently.
Hypertension, smoking, and HDL cholesterol were observed more frequently in males, and
elevated BMI, total cholesterol, and LDL cholesterol more often in females. Although 28.6% of
the patients had dyslipidemia, merely 0.4% of them received medical treatment, and of the 8.1%
of the patients with hypertension, only 2.1% of them were given antihypertensive medication.

CONCLUSIONS — With increasing age, a greater number of patients with cardiovascular
risk factors were observed. Significant sex differences were seen in the majority of risk factors.
Despite the high prevalence of risk factors, only a small minority of patients received antihyper-
tensive or lipid-lowering treatment. Early identification, prevention, and treatment of additional
risk factors seem to be necessary, particularly in light of the high incidence of future cardiovas-
cular disease.
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T ype 1 diabetes is increasingly recog-
nized as an independent risk factor
for premature cardiovascular dis-

ease (CVD) and elevated cardiovascular
death rate in patients aged 20–39 years
(1). Postmortem studies in children and
youth who had died an unnatural death
also showed that the development of ath-
erosclerotic lesions of the vessel wall starts
in childhood and that there is a close re-
lationship to cardiovascular risk factors.
In the Bogalusa Heart Study (2) and the
Pathobiological Determinants of Athero-
sclerosis in Youth (PDAY) study (3), the
evaluation of premortal existing risk fac-
tors (glycohemoglobin �8%, increased
lipids, hypertension, obesity, and smok-
ing) verified their unfavorable influence
on the progression of atherosclerosis. Be-
cause childhood and adolescence diabe-
tes is commonly associated with
additional risk factors (4,5), we con-
ducted this analysis to obtain reliable data
about character and prevalence rate as
well as age and sex differences of potential
atherogenic risk factors in a large popula-
tion of German children, adolescents, and
young adults with type 1 diabetes.

RESEARCH DESIGN AND
METHODS — Based on the continu-
ous diabetes data acquisition system for
prospective surveillance (DPV), a cross-
sectional analysis was carried out to eval-
uate associated cardiovascular risk factors
in patients with type 1 diabetes. The data
documentation DPV started in 1990 and
comprises complete demographic charac-
teristics and diabetes-related findings.
Anonymous longitudinal data from pa-
tients are transmitted for central valida-
tion and analyses twice yearly (6,7).
Inconsistent data are verified and, if nec-
essary, corrected at the participating cen-
ters and reentered in the system. This data
analysis considers all type 1 diabetic pa-
tients who entered the DPV system by the
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end of September 2004 and is primarily
focused on cardiovascular risk factors.
Pathological changes of the following pa-
rameters were defined as potential athero-
genic risk factors: lipid risk factors: total
cholesterol, LDL cholesterol, and HDL
cholesterol; nonlipid risk factors: HbA1c
(A1C), BMI, blood pressure, and smok-
ing. We additionally performed both
multivariate analyses of each cardiovascu-
lar risk factor with regard to age, diabetes
duration, sex, and overweight and a trend
analysis of risk factors (BMI, dyslipide-
mia, total cholesterol �200 mg/dl [�5.2
mmol/l], systolic and diastolic hyperten-
sion, and A1C �9.0%) covering the pe-
riod from 1994 to 2004.

A total of 27,358 patients with type 1
diabetes were consecutively registered at
195 German and Austrian Centers for Pe-
diatrics and Internal Medicine. For rea-
sons of analysis the total number of
patients was divided into three age-
groups based on the developmental stage:
age-group 1 (0.25–11 years) covers child-
hood or prepuberty, age-group 2 (12–16
years) covers early adolescence or pu-
berty, and age-group 3 (17–26.0 years)
covers later adolescence and young
adulthood.

Nonlipid risk factors
A1C. For long-term control of the diabe-
tes management, A1C was measured. For
risk factor assessment, A1C levels of all
patients were divided into two groups:
�7.5 and �9.0%. Values of locally mea-
sured A1C were standardized according
to the Diabetes Control and Complica-
tions Trial (DCCT) reference range of
4.05–6.05% (8).
BMI. BMI, derived from weight in kilo-
grams divided by the square of height in
meters (2), is an accepted measure of
overweight and obesity in children, ado-
lescents, and adults. Reference values in
the form of age- and sex-adjusted percen-
tiles allow an individual assessment of
BMI data in children and adolescents.
Overweight was defined as the 90th–97th
BMI percentile and obesity as �97th per-
centile. BMI values of �25 and �30
kg/m2 are the corresponding threshold
values for adults �18 years of age. Nor-
mative data for German children, adoles-
cents, and adults used in the DPV
software relate to Kromeyer-Hauschild et
al. (9) and Mensink et al. (10).
Hypertension. Systolic and diastolic
blood pressure were measured with Riva-
Rocci’s method, which is based on auscul-
tatory measurements using a standard

clinical sphygmomanometer (11). Nor-
mative blood pressure data developed by
the Task Force on Blood Pressure Control
in children served as reference values
(12). Hypertension was defined as the
median value calculated from at least
three measurements taken between Sep-
tember 2003 and September 2004.
Smoking. A patient was documented as a
smoker when he or she smoked more
than one cigarette per day. Smoking hab-
its were asked for during history taking.

Lipid risk factors
Venous blood samples were taken after a
recommended 12-h fasting for plasma
concentrations of total cholesterol, LDL
cholesterol, HDL cholesterol, and triglyc-
eride levels. By the aid of sample tests, we
ascertained that in some patients the 12-h
fasting period was not sufficiently met.
Therefore, we excluded triglycerides from
the analysis because triglycerides, unlike
cholesterol, show a close relationship to
food intake (13).
Total cholesterol. Total cholesterol
serves as a screening parameter for hyper-
cholesterolemia and is composed of the
cholesterol parts of all plasma lipopro-
teins that are VLDL, LDL, and HDL. Total
cholesterol was measured enzymatically.
Values �200 mg/dl (�5.2 mmol/l) were
defined as high risk (14).
LDL cholesterol. LDL particles repre-
sent the principal atherogenic lipoprotein
fraction. LDL cholesterol was calculated
from Friedewald’s formula if triglyceride
levels were �400 mg/dl (�4.7 mmol/l).
Plasma elevation of LDL cholesterol
�130 mg/dl (�3.4 mmol/l) was classified
abnormal and concentrations �160
mg/dl (�4.1 mmol/l) were used as the
reference value for patients at high risk
who require lipid-lowering pharmaco-
therapy if diet and lifestyle changes failed
(14,15).
HDL cholesterol. HDL particles are re-
sponsible for the reverse cholesterol
transport from the periphery to the liver
and have antiatherogenic activities. HDL
concentrations were determined after
dextran sulfate–magnesium precipitation
of apolipoprotein B–containing lipopro-
teins. We considered a HDL cholesterol
value �35 mg/dl (�0.9 mmol/l) as ab-
normal according to the National Choles-
terol Education Program definition for
youth (14).

Statistical methods
All analyses were performed using SAS
software (version 9.1; SAS Institute, Cary,

NC). Nonparametric statistics (Kruskal-
Wallis) were used for comparison among
groups. Results were expressed as
means � SD, and P � 0.05 was consid-
ered statistically significant.

RESULTS

Assessment of cardiovascular risk
factors
The prevalence of risk factors showed
small changes between 1994 and 2004.
There was some increase of BMI but a
small decrease in dyslipidemia, total cho-
lesterol �200 mg/dl (�5.2 mmol/l), sys-
tolic and diastolic hypertension, and A1C
�9.0%. For all patients, the percentages
of available data were 71.9–96.2% for
nonlipid variables (A1C, BMI, blood pres-
sure, and smoking) and 41.3–70.8% for
lipid variables (total cholesterol, LDL cho-
lesterol, and HDL cholesterol) (Table 1).

Number of cardiovascular risk
factors
Apart from the ratio of males to females,
all patient characteristics and risk factors
mentioned in Table 1 showed statisti-
cally significant differences between the
age-groups. Overall, 69% of 27,358 sub-
jects investigated had one or more of the
risk factors analyzed. The vast majority of
patients showed one risk factor (53%),
followed with decreasing frequency by
patients without any risk factor (31%),
two risk factors (14%), and three to four
risk factors (2%). Two or more risk factors
per patient were found most frequently in
patients of age-group 3. All differences
among age-groups were statistically sig-
nificant (P � 0.001). Multivariate analy-
ses showed that overweight (BMI) was
most closely related (� value/estimate �
0.184, P � 0.001) to the number of car-
diovascular risk factors, followed by age
(� value/estimate � 0.033, P � 0.001)
and diabetes duration (� value/estimate �
0.012, P � 0.001).

Distribution of cardiovascular risk
factors per age-group
Both nonlipid and lipid risk factors
showed the same age-dependent distribu-
tion (Fig. 1). The lowest number of af-
fected patients belonged to age-group 1
and the highest to age-group 3. Elevated
values of A1C, total cholesterol, and BMI
were found most frequently. All calcu-
lated group differences reached statistical
significance (P � 0.0001).
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Sex distribution of cardiovascular
risk factors
Nonlipid risk factors. The percentage
of elevated A1C values (�7.5%, P �
0.001; �9.0%, P � 0.05) and BMI (90th–
97th or �97th percentile, P � 0.001, re-
spectively) were higher in female than in
male subjects (Fig. 2). Frequency of hy-
pertension and current smoking were sig-
nificantly higher in males than in females
(P � 0.001, respectively).
Lipid risk factors. Total cholesterol and
LDL cholesterol levels were higher in fe-
male than in male subjects (P � 0.0001,
respectively). However, no significant dif-
ference of HDL cholesterol was found be-
tween female and male subjects.

Frequency of pharmacotherapy
A high percentage of patients had dyslip-
idemia (28.6%); 8.1% of the patients had
systolic hypertension and 2.5% diastolic
hypertension. However, the percentage of
patients who received lipid-lowering
(0.4%) or blood pressure–lowering
(2.1%) treatment was extremely low
(Table 1).

CONCLUSIONS — There has been
growing awareness during the past few
years that type 1 diabetes is an indepen-
dent risk factor for premature atheroscle-
rotic CVD, which can be accelerated by
potentially atherogenic risk factors such
as hypertension, dyslipidemia, hypergly-

cemia, obesity, smoking, albuminuria, or
physical inactivity (1,5,16). Our results
showed that 69% of the 27,358 subjects
investigated had one or more of the car-
diovascular risk factors analyzed in this
study. Multiple risk factors and their in-
terrelationships but also a family history
of premature cardiovascular disease, in-
creasing age, or longer duration of diabe-
tes are discussed in the literature as main
determinants of enhanced risk for future
CVD (17,18).

A detailed profile analysis of our dia-
betes registry showed that the number of
patients at risk, divided into three distinct
age-groups, is significantly increasing
with age with respect to all risk factors.
The most frequently diagnosed risk factor
was a raised A1C value. Poor glycemic
control is particularly associated with the
development of long-term microvascular
complications (19), which could be
proven impressively by the DCCT (20). In
a more recent DCCT publication, an as-
sociation between glycemia and intima-
media thickness, an accepted marker for
early atherosclerosis, in patients with type
1 diabetes was demonstrated (21). Fur-
ther investigations could show that there
is a direct relationship between A1C levels
and the extent of atherosclerosis. Gerstein
et al. (22) found that the intima-media
thickness increased 0.026 mm for every
0.9% increase in A1C (P � 0.0001). In
another study, A1C levels �7.5% were

identified as a strong risk factor for pro-
gression of coronary artery calcification in
type 1 diabetic patients aged 22–50 years
(23). The British Diabetic Association Co-
hort Study investigated 23,752 patients
with type 1 diabetes. Compared with the
general population, type 1 diabetic pa-
tients aged 20–39 years had a fivefold
higher risk of dying from cardiovascular
events (1).

Overweight and obesity are thought
to be cardiovascular risk factors per se
with regard to the development of dyslip-
idemia, hypertension, type 2 diabetes,
and the metabolic syndrome (24,25). If
obese children become obese adults, one
of the long-term consequences may be
early atherosclerosis and increased car-
diovascular morbidity (26,27). According
to our results, overweight, obesity, and
hypertension were found in 3.8–15.5%
of the patients observed. Prevention and
treatment of these modifiable risk factors
should begin as early as possible because
counseling of the patient, lifestyle modi-
fication, and pharmacologic therapy are
quite promising interventions to retard
damage or avoid further harm.

The high percentage of smokers in
many countries is alarming. The Global
Youth Tobacco Survey reported data for
16,416 U.S. students aged 13–15 years, of
whom 23.1% are currently using any to-
bacco product (28). In the PDAY study
(4), a 44.0% prevalence of smoking in

Table 1—Clinical and laboratory characteristics per age-group in patients with type 1 diabetes

Characteristic
Total number

of patients

Frequency
of complete
records (%)

Age-group
1

Age-group
2

Age-group
3 P value*

Age (years) 27,358 100.0 7.5 � 2.5 13.7 � 1.4 18.5 � 2.3 �0.0001
Age range (years) 27,358 100.0 0.25–11 12–16 17–26
Male sex (%) 27,358 100.0 51.7 51.7 52.5 NS
Age at diagnosis (years) 27,358 100.0 5.0 � 2.5 8.8 � 3.6 10.4 � 4.4 �0.0001
Diabetes duration (years) 27,358 100.0 2.5 � 2.3 4.9 � 3.6 8.2 � 4.8 �0.0001
A1C (%)† 26,308 96.2 7.8 � 1.5 8.5 � 1.8 8.6 � 2.0 �0.0001
Any dyslipidemia (%) 19,359 70.8 22.3 29.4 34.2 �0.0001
Lipid-lowering therapy (%) 27,358 100.0 0.08 0.3 0.8 �0.0001
Total cholesterol (mg/dl)‡ 18,917 69.1 174 � 40 182 � 48 184 � 47 �0.0001
LDL cholesterol (mg/dl)‡ 11,286 41.3 95 � 35 101 � 40 105 � 40 �0.0001
HDL cholesterol (mg/dl)‡ 12,811 46.8 62 � 19 62 � 17 59 � 18 �0.0001
Raised systolic BP (%) 25,184 92.1 5.8 7.4 11.0 �0.0001
Raised diastolic BP (%) 25,178 92.0 3.9 3.2 2.6 �0.0001
BP-lowering therapy (%) 27,358 100.0 0.2 1.4 4.8 �0.0001
BMI SDS 25,145 91.9 0.42 � 0.9 0.45 � 0.9 0.42 � 0.9 �0.0075
BMI �90th percentile (%) 25,145 91.9 16.4 20.0 25.0 �0.0001
Smoking (%) 19,683 71.9 0.24 10.53 34.75 �0.0001

Data are means �SD unless otherwise indicated. *Kruskal-Wallis test. †DCCT standardized. ‡To convert values to mmol/l, multiply by 0.02586. BP, blood pressure;
SDS, standard deviation score.
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subjects aged 15–34 was calculated. The
Behavioral Risk Factor Surveillance Sys-
tem in the U.S. indicated that the preva-
lence of smoking among adults with
diabetes was 23.6% in 1990 and 23.2% in
2001. Among participants without diabe-
tes, the prevalence was similar, showing

24.2% in 1990 and 23.2% in 2001 (29).
All these studies show a similar preva-
lence of smokers compared with our data.

Taking into account the occurrence of
at least one abnormality among the lipid
variables we analyzed, the number of pa-
tients with any dyslipidemia increased

significantly from 22.3% in age-group 1
to 34.3% in age-group 3. Total cholesterol
values �200 mg/dl (�5.2 mmol/l)
emerged in about 26% of all patients, LDL
cholesterol �130 mg/dl (�3.4 mmol/l) in
about 11%, and LDL cholesterol �160
mg/dl (�4.1 mmol/l) in about 5.3%. In-

Figure 1—Age distribution of cardiovascular risk factors, divided into nonlipid and lipid parameters. The total number of patients investigated per
age-group is shown above each bar.
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sulin deficiency is associated with re-
duced activity of LDL receptors, and
glycation of LDL particles reduces their
receptor affinity, thereby impairing the
clearance of LDL cholesterol and increas-
ing their susceptibility to oxidation.
Longer diabetes duration, hyperglycemia,
albuminuria, hypertriglyceridemia, and
lower HDL cholesterol are associated with
elevated levels of small dense LDL parti-
cles that are extremely atherogenic (30,
31).

The risk factor profiles of our patients
vary according to sex. Raised blood pres-
sure and current smoking were lower in
female than in male subjects, whereas in-
creased A1C, total cholesterol, LDL cho-
lesterol, and BMI values emerged in
female subjects. It is known that women
with type 1 diabetes have an increased
risk of developing CVD and, therefore,
equalizing the sex difference seen in the
general population (32). In addition to
the risk factors discussed here, several

variables are related to CVD in women
such as age, fasting triglyceride levels, al-
bumin excretion rate, retinopathy, fat dis-
tribution, and depressive symptomatology
(15,33).

With regard to the management of
additional atherogenic risk factors, there
is a considerable discrepancy in juvenile
type 1 diabetic patients between the high
risk for future cardiovascular morbidity
and the low treatment rate of modifiable
risk factors such as hypertension and dys-

Figure 2—Sex distribution of cardiovascular risk factors, divided into nonlipid and lipid parameters. The total number of patients investigated is
shown above each bar.
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lipidemia. The main reason may be the
lack of drugs that are generally recognized
as safe and effective for long-term use in
diabetic children and adolescents.

Besides regular risk factor testing, it is
also necessary to draw therapeutic con-
clusions from abnormal findings to con-
tinuously improve quality of diabetes care
long term. In a recently published retro-
spective cohort study, 1,765 adult pa-
tients with type 1 or type 2 diabetes were
included if they had at least two visits
within 24 months. The authors found that
despite a high rate of annual A1C, blood
pressure, and cholesterol measurements,
rates of required medication initiation
and dose adjustment were comparatively
low (34).

Although vascular complications are
normally subclinical during childhood
and adolescence, cardiovascular risk fac-
tors should be given our full attention to
reduce risk by optimal metabolic control
and lifestyle modification (35,36). Only if
these efforts are insufficient is pharmaco-
therapy a reasonable form of treatment,
but it must be individualized based on the
number of atherogenic risk factors, family
history, and existing complications.

Hypertension in children and adoles-
cents with type 1 diabetes may primarily
be treated early with ACE inhibitors, as
was the case in 83% of our patients. These
agents have antihypertensive effects and
reduce the incidence of microalbumin-
uria and nephropathy (37).

Besides hypertension, dyslipidemia is
a common concomitant disease in pa-
tients with diabetes. Moderate hypertri-
glyceridemia, lower HDL cholesterol
levels, and hypercholesterolemia with el-
evated levels of LDL cholesterol and
small, dense LDL particles can be seen in
type 1 diabetes (5,38). The American Di-
abetes Association strongly recommends
lipid-lowering pharmacotherapy for pa-
tients with LDL �160 mg/dl (�4.1
mmol/l) but for LDL cholesterol values
between 130 and 159 mg/dl (3.4 and 4.1
mmol/l, respectively) only if nutrition
therapy and lifestyle changes fail. In any
case, the treatment target is LDL choles-
terol �100 mg/dl (�2.6 mmol/l) (15). In
adults with diabetes, fibrates are recom-
mended for hypertriglyceridemia with
lower HDL cholesterol (11% in our study)
and statins for reducing total and LDL
cholesterol (54% in our study) (39). So
far, in a limited number of children with
familial and severe hypercholesterolemia,
statins showed good LDL cholesterol–
lowering efficacy and a low rate of side

effects (40). Beyond these effects, statins
improve endothelial dysfunction and
have antioxidant, antithrombotic, and an-
ti-inflammatory properties that may con-
tribute to their antiatherogenic efficacy
(41,42).

In conclusion, this representative
analysis demonstrates the high age-
dependent frequency of atherogenic risk
factors in children and adolescents with
type 1 diabetes and underlines the impor-
tance of an early search for these risk factors.
Significant sex differences were computed
for most of the risk factors. The discrepancy
between a high prevalence of cardiovascular
risk factors and the low rate of antihyper-
tensive and lipid-lowering treatment de-
serves special consideration.
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Städtische Kinderklinik; Kaufbeuren, Innere
Medizin; Kempen, Heilig Geist, Innere; Kiel,
Städtische Kinderklinik; Koblenz, Kemperhof,
1. Med. Klinik; Koblenz, Kinderklinik Kem-
perhof; Konstanz, Innere Klinik; Krefeld, In-
nere Klinik; Köln, Uni-Kinderklinik; Landshut,
Kinderklinik; Leipzig, Uni-Kinderklinik; Lin-
gen, Kinderklinik St. Bonifatius; Lippstadt,
Evangelische Kinderklinik; Ludwigsburg, In-
nere Medizin; Ludwigsburg, Kinderklinik;
Ludwigshafen, Kinderklinik St. Anna-Stift;
Lübeck, Uni-Kinderklinik; Lübeck, Uni-
Klinik, Innere Medizin; Lüdenscheid, Kin-
derklinik; Magdeburg, Uni-Kinderklinik;
Mannheim, Innere; Mannheim, Uni-
Kinderklinik; Marburg, Uni, Innere; Marburg,
Uni-Kinderklinik; Mechernich, Kinderklinik;
Memmingen, Kinderklinik; Minden, Kinder-
klinik; Moers, Kinderklinik; Mutterstadt, Kin-
derarztpraxis; Mönchengladbach, Kinderklinik;
Rheydt, Elisabethkrankenhaus; München, von
Haunersche Kinderklinik; München-Harlach-
ing, Kinderklinik; München-Schwabing,
Kinderklinik; Münster, Kinderarztpraxis;
Münster, Uni-Kinderklinik; Nagold, Kreiskran-
kenhaus, Innere; Neuburg, Kinderklinik;
Neunkirchen, Kinderklinik Kohlhof; Neuss,
Lukaskrankenhaus, Kinderklinik; Neuwied,
Kinderklinik Elisabeth; Nürnberg, Cnopfsche
Kinderklinik; Nürnberg, Kinderklinik, Klini-
kum Süd; Oberhausen, Innere; Oberhausen,
Kinderklinik; Oberhausen, Kinderpraxis Bach-
ran; Offenbach/Main, Kinderklinik; Oldenburg,
Kinderklinik; Osnabrück, Kinderklinik; Pader-
born, St. Vincenz, Kinderklinik; Passau, Kinder-
arztpraxis Handwerker; Passau, Kinderklinik;
Pforzheim, Kinderklinik; Rastatt, Gemein-
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schaftspraxis; Rastatt, Kreiskrankenhaus, In-
nere; Ravensburg, Kinderklink St. Nikolaus;
Recklinghausen, Dialysezentrum, Innere; Re-
gensburg, Kinderklinik St. Hedwig; Remscheid,
Kinderklinik; Rendsburg, Kinderklinik; Rheine,
Kinderklinik; Rosenheim, Innere Medizin;
Rosenheim, Kinderklinik; Rostock, Universität,
Innere Medizin; Rotenburg/Wümme, Kinder-
klinik; Saaldorf-Surheim, Diabetespraxis;
Saalfeld, Thüringenklinik, Kinderklinik; Saar-
brücken, Kinderklinik Winterberg; Saarlouis,
Kinderklinik; Scheidegg, Reha-Kinderklinik
Maximilian; Schw. Gmünd, Margaritenhospi-
tal, Kinderklinik; Schweinfurt, Kinderklinik;
Schwerin, Kinderklinik; Siegen, Kinderklinik;
Singen,Hegauklinik,Kinderklinik;Sinsheim,In-
nere; Spaichingen, Innere; Stade, Kinderklinik;
Stolberg, Kinderklinik; Stuttgart, Olgahospital,
Kinderklinik; Suhl, Kinderklinik; Sylt, Reha-
klinik; Trier, Kinderklinik der Borromäerin-
nen; Tübingen, Uni-Kinderklinik; Ulm, Uni-
Kinderklinik; Vechta, Kinderklinik; Viersen,
Kinderklinik; Waiblingen, Kinderklinik;
Waldshut, Kinderpraxis Biberbau; Weiden,
Kinderklinik; Weingarten, Kinderarztpraxis;
Wetzlar, Praxis Klewer/Teichner; Wetzlar/
Braunfels, Innere; Wien, Uni-Kinderklinik;
Wiesbaden, Horst-Schmidt-Kinderkliniken;
Wiesbaden, Kinderklinik DKD; Worms,
Kinderklinik; Wuppertal, Kinderklinik.
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